Abstract -The e f f e c t s o f molecular s t r u c t u r e on gas phase b a s i c i t y toward L i t has been extensive1y.studied. I t i s shown t h a t both t h e magnitudes and t h e b a s i c i t y orders d i f f e r markedly from t h e corresponding gas phase bacisi t i e s toward Ht.
INTRODUCTION

This work i s concerned p a r t i c u l a r l y w i t h t h e b a s i c i t i e s o f n e u t r a l i n o r g a n i c and organic ligands toward Ht and L i t i n gas phase, f r e e o f s o l v e n t and counter i o n influences. The two Lewis acids Ht and L i t present a marked c o n t r a s t i n t h e nature o f t h e bond formed w i t h t h e l i g a n d ( r e f . 2). The proton adds t o t h e base g i v i n g a p o l a r covalent u bond w i t h a r e s i d u a l p o s i t i v e charge on t h e hydrogen atom o f ca. 0.35 o r l e s s e l e c t r o n i c u n i t s , t h e base molecule having t o accommodate t h e balance o f t h e charge ( r e f . 3). o f charge t r a n s f e r r e s u l t s from t h e f a c t t h a t Ht i s a bare nucleus, w i t h a very s t a b l e u n f i l l e d 1s o r b i t a l . A major energetic c o n s i d e r a t i o n i s t h e ease o f removal o f e l e c t r o n i c charge t o form t h e shared p a i r bond. Accordingly, t h e b a s i c i t i e s decrease markedly i n t h e sequence, NH3>>0Hp>FH
( o v e r a l l decrease 87 kcal/mol, SHz>>ClH ( o v e r a l l decrease 54 kcal/mol; r e f .
4). I n c o n t r a s t , t h e bonds formed by L i t w i t h i t s f i l l e d 1s s h e l l ) a r e l a r g e l y i o n i c and t h e L i t r e t a i n s 0.8 t o 0.9 o f t h e p o s i t i v e charge i n i t s adducts ( r e f . 3 ) . Ab i n i t i o c a l c u l a t i o n s by Jorgensen ( r e f . 5) agree s a t i sf a c t o r i l y w i t h t h e a v a i l a b l e r e l a t i v e b a s i c i t i e s , showing f o r L i t t h a t t h e r e i s t h e same b a s i c i t y order f o r t h e hydrides b u t now d i
f f e r e n c e s o v e r -a l l i n t h e f i r s t sequence a r e o n l y 17 kcal/mol, and i n t h e second o n l y 12. kcal/mol, i n accord w i t h t h e small e x t e n t o f e l e c t r o n t r a n s f e r i n t h e L i t adducts.
We have made a global study o f L i t b a s i c i t i e s f o r organic bases f o r several reasons. we wished t o e s t a b l i s h whether o r n o t t h e r e i s any reasonably general c o r r e l a t i o n o f basici t i e s toward Ht and L i t .
I n t h i s we were motivated by t h e n o t i o n t h a t t h e w i d e l y d i f f e re n t bonding types shoutd l e a d t o widely v a r y i n g b a s i c i t y orders, a m a t t e r needing c l a r i f ic a t i o n and a n a l y s i s o f t h e e f f e c t s o f molecular s t n u c t u r e t h a t a r e involved. Second, t h e L i t b a s i c i t i e s are u s e f u l i n developing organic s y n t h e t i c procedures and have relevance t o t h e r e l a t i v e s o l u b i l i t i e s o f L i t s a l t s i n various solvents. The b a s i c i t i e s toward L i t and o t h e r a l k a l i ions a l s o provide important biomedical and p h y s i c o l o g i c a l i n f o r m a t i o n r e l a t e d t o understanding o f a l k a l i metal i o n channels and medical treatments. Third, a knowledge o f t h e d i f f e r e n t e f f e c t s o f molecular s t r u c t u r e f o r d i f f e r e n t bonding types can provide improved understanding o f t h e changes i n b a s i c i t i e s t h a t a r e observed i n s o l u t i o n . The b a s i c i t i e s toward L i t have been analyzed by both e m p i r i c a l and ab i n i t i o t h e o r e t i c a l methods.
In a d d i t i o n t o gas phase b a s i c i t i e s toward Lit, we a l s o r e p o r t some p r e l i m i n a r y b a s i c i t y comparisons f o r the corresponding Kt , A l t , Mnt and hydrogen-bond donor adducts.
The l a r g e degree r e f . 4) and i n t h e sequence PH3>> F i r s t ,
The standard f r e e energies o f Ht adduct formation i n t h e gas phase (B:+Ht $ BH' ) a r e g i v e n by -AGHt and those f o r L i t adduct formation (B: + L i t f BLit) by -AGLj+. These valuss a r e obtained from experimental determinations o f serie; o f r e l a t i v e b a s i c i t y ( ~A G ) measurements ( r e f s . 4a and 6). The 6AG values have been converted t o -AGHt and -AGLit values using f o r B = NH3 t h e standard values o f 195.6 ( r e f . 4b) and 32.1 ( r e f . 7), kcal/mol, r e s p e c t i v e l y . I most by o n l y one o r two members. obtained f o r 16 o f t h e bases. enhanced b a s i c i t i e s toward t h e Ht t h a t were a t t r i b u t e d t o t h e g r e a t e r covalent bonding o f t h e Ht.
The conclusion t h a t L i t o f f e r s an immediate c o n t r a s t t o Ht i n both t h e magnitude and r e l a t i v e o r d e r i n g o f b a s i c i t y was supported subsequently by comparisons o f experimental and c a l c u l a t e d values f o r 11 bases. ( r e f . 7 ) .
An ab i n i t i o t h e o r e t i c a l (HF/3-21G) study f o l l o w e d ( r e f . 9 ) i n c l u d i n g 21 small molecules c o n t a i n i n g o n l y H, C, N, 0 and F atoms and i t was concluded t h a t t h e Ht vs. L i t a f f i n i t i e s p l o t t e d t o g i v e a reasonable c o r r e l a t i o n . study ( r e f . 5) o f 20 small base molecules, e i g h t o f which i n v o l v e d a d d i t i o n s t o C1, S, o r P atoms, concluded t h a t Ht and L i t a f f i n i t i e s cannot be simply compared t o e l u c i d a t e t h e general nature o f acid-base i n t e r a c t i o n s , since t h e r e i s considerable s c a t t e r i n t h e corr e l a t i o n o f these two a f f i n i t i e s .
( r e f . 2 ) . agreement t h a t t h e d i f f e r e n t bonding types g i v e d i f f e r e n t changes i n molecular s t r u c t u r e f o r L i t than Ht adduct formation. Table 1 ) . L i t and Ht, e s p e c i a l l y between d i f f e r e n t f a m i l i e s o f f u n c t i o n a l groups. o f t h e r e s u l t s o f our a n a l y s i s o f t h e causes o f t h e non-linear b a s i c i t i e s o f t h i s p a i r and o t h e r adducts f o l l o w .
A l i n e a r c o r r e l a t i o n o f slope -3 f o r Ht vs. L i t was The remaining 13 bases a l l g i v e ( i n a s c a t t e r e d fashion)
Another ab i n i t i o (6316*/3-216) t h e o r e t i c a l
The s c a t t e r r e s u l t s from t h e d i f f e r e n t bonding types These ab i n i t i o studies g i v e t h e b e s t a v a i l a b l e gas-phase s t r u c t u r e s and a r e i n There i s indeed l i t t l e general correspondence between t h e b a s i c i t i e s toward B r i e f summaries (b)Abbreviations are: Me, methyl; E t , e t h y l ; P r y propyl; Buy b u t y l ; Adam, adamantyl; Ph,CgHg; imid, imidazole; pyr, CgHgN; Pyz, pyrazole; p y r i d , pyridazine; Napht, naphthyridine; t h i a z , t h i a z o l e ; DMA, CH3CONMe2; DMF, HCONMe2; DMSO, Me2SO; THF, (~H 2 ) 4 0 ; TMG, (Me2N)2CNH.
COORDINATION CENTER EFFECTS
The foremost cause o f s c a t t e r i n Figure 1 Table 2 . H2C=O, H E N , p y r i d i n e and imidazole, i n p a r t i c u l a r , a l l i n v o l v e s i g n i f i c a n t p o l a r i z a b i l i t y and resonance e f f e c t s on t h e i r complexing e q u i l i b r i a . unknown b u t appear t o be s i g n i f i c a n t l y g r e a t e r f o r charged adducts. charged hydrogen-bonded complexes o f CF3C02H i n CCl4. The r e s u l t s i n Table 2 
i s t h e e f f e c t o f changing t h e c o o r d i n a t i o n c e n t e r since t h i s and t h e adduct regulates (through t h e bonding types) t h e various routes and extents o f charge f l o w t h a t occur on complexion. number o f "parent" bases r e l a t i v e t o water f o r a v a r i e t y o f adducts f o r which data e x i s t s o r can be estimated ( t h e values i n paranthesis a r e t h e o n l y estimated ones). The v a r i a t i o n i n b a s i c i t y o f t h e parents i s ' s i g n i f i c a n t l y changed f o r t h e d i f f e r e n t "acids" and no general b a s i c i t y order between any two o f t h e adducts i s observed. -AGH+ V S . -A G L~+ p l o t s a r e h i g h l y s c a t t e r e d ( b u t t h e p a t t e r n d i f f e r s from t h a t i n Figure 1 ) .
While i t i s n o t p o s s i b l e t o r e l a t e t h e changes i n parent b a s i c i t i e s simply w i t h t h e v a r i a t i o n of t h e c o o r d i n a t i n g atom, a crude e v a l u a t i o n i s p o s s i b l e from
CHELATION EFFECTS WITH Li+
Toward Ht a t 298K, CC13CH20H i s a l e s s basic monodentate than CH3CH20H by 8.1 powers o f t e n (-AAGp/1.36). p o l a r i z a b i l i t y effects of t h e CCl3 compared t o t h e CH3 s u b s t i t u e n t ( r e f . 11). Toward L i t a t 298O, these effects would be expected t o reduce t h e corresponding b a s i c i t y d i ference t o ca. 3.0 powers o f t e n i f monodentate behavior were involved. the observed equal b a s i c i t y o f these two compounds w i t h Lit. This r e s u l t i s n o t unexpected due t o t h e l a r g e r s i z e and t h e g r e a t e r p o s i t i v e charge o f L i t i n t h e adduc-t.
For example, a six-membered r i n g c h e l a t e s t r u c t u r e can be w r i t t e n i n which L i t i n t e r a c t s simultaneously w i t h l o n e -p a i r e l e c t r o n s a t both 0 and one of t h e C1 atoms. An a l t e r n a t e s t r u c t u r e i s one i n which L i t i n t e r a c t s . s j m u l t a n e m s l y with. t h e oxygen lo?$-pair and t h e negative end o f tCC13 group d i p o l e . 
i d e n t a t e behavior i s i m p l i e d toward L i t . expected f o r monodentate s u b s t i t u e n t f i e l d / i n d u c t i v e and p o l a r i z a b i l i t y e f f e c t s ( r e f . 11) , p a r t i c u l a r l y f o r t h e C6H5 s u b s t i t u e n t . The r e s u l t above f o r t h e cyclohexyl s u b s t i t u e n t suggests t h a t y t h e r a l k y l groups (even methy l s u b s t i t u e n t s ) can a l s o e n t e r i n t o c h e l a t e formation w i t h L i membered r i n g through a charge induced d i p o l e i n t e r a c t i o n o f s u f f i c i e n t magnitude t o overcome t h e entropy l o s s o f r i n g foqmation. Indeed, such a suggestion ( r e f . 16) has been p u t forward f o r c y c l i z a t i o n i n t h e H phase b a s i c i t y increment o f 0.2 kcal/mol per CH2 increment i n chain length. Evidence has a l s o been obtained ( r e f . 17) f o r such c o i l i n g i n gaseous s t r a i g h t chain alkoxides, g i v i n g l a r g e r (0.5 kcal/mol) alcohols. cate t h e presence h even l a r g e r b i d e n t a t e b a s i c i t y e f f e c t s toward L i . based upon symmetric d i a l k y l e t h e r s and t h i o e t h e r s f o l l o w s .
Short chain non-conjugated a l k y l s u b s t i t u e n t s i n numerous s e r i e s o f amines, alcohols, ethers, mercaptans and t h i o e t h e r s have gas phase a c i d i t i e s and b a s i c i t i e s t h a t increase l i n e a r l y w i t h t h e a l k y l s u b s t i t u e n t p o l a r i z a b i l i t y parameter, ua ( r e f . 18). The -AGH+ values f o r R20 and R2S, where R = CH3, C2H5, C3H7, i-C3H7 and t-CqHg
i c i t y enhancements t h a t we b e l i e v e t o be a t t r i b u t e d t o b i d e n t a t e chelat i o n w i t h L i t a r e obtained as t h e d i f f e r e n c e betweerl experimental values o f -AGLi+ and those c a l c u l a t e d by t h e ap r o p r i a t e equation above:
1.7; (C4Hg)2SY 2.8 kcal/mo!, r e s p e c t i v e l y . l a r g e r S than 0
atom decreases t h e c o e f f i c i e n t s t o ua ( t h e p a ) value i n t h e equations, b u t i t increases t h e b a s i c i t y enhancements a t t r i b u t e d t o b i d e n t a t e behavior.
The bases p y r i d a z i n e and 1,8-naphthyridine a r e known bidentates toward t r a n s i t i o n metal ions ( r e f . 19). o f ca. 10. and 6. kcal/mol, resp.) than a r e expected from a LFER r e l a t i o n s h i p between corresponding -AGLi+ vs. -AGH+ values (slope .49) f o r monodentate azines.
31G//3-216 c a l c u l a t i o n s have confirmed t h a t t h e above two azines a r e monodentate toward Ht b u t form b i d e n t a t e three-membered r i n g s t r u c t u r e s i n t h e gas phase w i t h both L i t and Nat ( r e f . 3 ) . Imidazole, pyrazole and t h e i r methyl d e r i v a t i v e s as w e l l as t h i a z o l e and 1,2,4-t r i a z o l e , g i v e a s a t i s f a c t o r y LFER between corresponding -AGLi+ and -AGH+ values ( s l o p e .41) t h a t i n d i c a t e s monodentate behavior. g i v i n g a L i t b a s i c i t y 4.2 powers o f t e n g r e a t e r than expected from i t s monodentate Ht b a s ic i t y . b r i d g i n g t h e 3 and 4 n i t r o g e n p o s i t i o n s o f t e t r az o l e (ab i n i t i o c a l c u l a t i o n s o f M. Yanez, p r i v a t e communications).
This has been explained q u a n t
i t a t i v e l y by t h e combined f i e l d / n d u c t i v e and Bidentate behavior s i m p l i e d by S i m i l a r b i d e n t a t e b a s i c i t y toward L i I t i s t h e r e f o r e n o t s u r p r i s i n g t o f i n d t h a t w h i l e t h e b a s i c i -
Both have g r e a t e r b a s i c i t i e s than a r e by c l o s i n g a 5 o r l a r g e r adducts o f n-alkvlamines g i v i n g a small constant gas methylene increments i n gas phase a c i d i t i e s o f s t r a i g h t chain 
Our -AG .+ values f o r s t r a i g h t chain alcohols, ethers, t h i y l s , t h i o e t h e r s i n d i -
I t i s t o be noted i n t h e above r e s u l t s t h a t t h e These bases have very much g r e a t e r observed b a s i c i t i e s toward L i t (enhancements T h e o r e t i c a l 6-
However, t e t r a z o l e deviates from t h i s LFER, This r e s u l t i s c o n s i s t e n t w i t h L i
SUBSTITUENT POLARIZABILITY, FIELD INDUCTIVE, AND RESONANCE EFFECTS
There a r e t h r e e kinds of generalized s u b s t i t u e n t e f f e c t s t h a t may make s i g n i f i c a n t c o n t r ibutions t o most organic r e a c t i o n r a t e s and e q u i l i b r i a , e i t h e r alone (as f o r t h e s u b s t i t u e n t p o l a r i z a b i l i t y (P) e f f e c t s f o r t h e e t h e r s e r i e s discussed above) o r i n various a p p r o p r i a t e combinations. These a r e ( i n a d d i t i o n t o t h e P e f f e c t s ) t h e s u b s t i t u e n t f i e l d / j n d u c t i v e and p i e l e c t r o n d e l o c a l i z a t i o n o r resonance e f f e c t s given by t h e parameters uF and u respect i v e l y . An e m p i r i c a l t h e o r e t i c a l a n a l y s i s f o r o b t a i n i n g q u a n t i t a t i v e estimates !or each o f these e f f e c t s i n a given f a m i l y has been done f o r t h e gas phase Ht b a s i c i t i e s f o r many
h e formyl family, X-CHO (X i s a general s u b s t i t u e n t ) . A l l t h r e e kinds o f s u b s t i t u e n t s o f e f f e c t s can be s i g n i f i c a n t f o r t h i s family when X i s a heteroatom o r unsaturated s u b s t ituent. Eqn. ( 1 ) i s u t i l i z e d t o describe t h e measured s u b s t i t u e n t e f f e c t s on b a s i c i t i e s , t h a t i s , t h e -AG values r e l a t i v e t o t h e f a m i l y parent, H2CO ( g i v e n as -6aG).
The s u b s t i t u e n t parameters f o r p o l a r i z a b i l i t y , f i e l d / i n d u c t i v e and resonance e f f e c t s a r e u a , UF, and UR, r e s p e c t i v e l y . p values denote r e a c t i o n constants t h a t a r e c h a r a c t e r i s t i c o f each f a m i l y o f e q u i l i b r i a . I n Table 3 , P values a r e given f o r each reagent. t h e f a m i l y must c o n s i s t of a s e t o f s u b s t i t u e n t s f o r which t h e t h r e e kinds o f s u b s t i t u e n t parameters a r e m u t u a l l y non-colinear. This c o n d i t i o n was found t o be r e l a t i v e l y e a s i l y f u l f i l l e d f o r proton adducts, ( r e f . l l ) , and i t has accordingly been u t i l i z e d here f o r t h e o t h e r addends ( t h e c o r r e l a t i o n c o e f f i c i e n t s between any p a i r o f t h e independent v a r i a b l e s o f eqn. ( 1 ) a r e always l e s s than t0.3 and t h e r e s i d u a l s i n each l e a s t squares a n a l y s i s a r e zero w i t h i n t h e i r u n c e r t a i n t y estimates).
Tables of t h e u parameters a r e given i n r e f s . 11 and 18. The For successful l i n e a r regression analysis, i n p a r t i c u l a r t h a t p a / p~ i s e s s e n t i a l l y t h e same f o r a l l o f t h e c a t i o n complexes b u t i t has a very much smaller value, as expected, f o r t h e n e u t r a l hydrogen-bonded complex. even i f p / p F i s s i m i l a r f o r two e q u i l i b r i a , a s i g n i f i c a n t l y d i f f e r e n t value o f t h e p a / p F r a t i o w i l y l e a d t o a s c a t t e r p a t t e r n i n the-AGLi+vs. CF3C02H (hydrogen-bond complex CCl4) < L i t ( g ) < Th s i s I n t e r e s t i n g l y , these r a t i o s a r e p r e c i s e l y t h e same The r e s u l t For L i t and CF3C02H complexes Thus, I t w i l l be noted Eqn.
The values o f p i n d i c a t e t h a t a l l t h r e e kinds o f s u b s t i t u e n t effects increase i n t h e order o f e l e c t r o n withdrawal by t h e "acid": A l t ( g ) < Ht(g). The degree o f l i n e a r i t y o f observed e f f e c t s between a l l f o u r sets o equil i b r i a depends upon t h e composition o f t h e c o n t r i b u t i o n s t o t h e observed values. given by t h e r a t i o s , PR
(1) provides a q u a n t i t a t i v e basis f o r assessing ,G(,,,) , VS.
ALKALI I O N TRANSFER, At
-AG FOR THE CORRESPONDING GAS PHASE ADDUCTS
The f r e e energies o f i o n t r a n s f e r between pure solvents, obtained w i t h t h e a i d o f t h e TATB assumption, have r e c e n t l y been t r e a t e d by a p p l y i n g scales o f s o l v e n t hydrogen-bond a c i d i t i e s t o anions and hydrogen-bond b a s i c i t i e s t o c a t i o n s ( r e f . 20). The poor c o r r e l a t i o n between gas phase -AGLi+ and corresponding values o f -AGCF3C@H (or, t h e equivalent, o f t h e B2 scale o f r e f . 15) r a i s e s questions regarding l i m i t a t i o n s o f t h i s treatment o f i o n t r a n s f e r f r e e energies. Many i o n / s o l v e n t i n t e r a c t i o n s i n v o l v e e l e c t r o s t a t i c type i n t e r a c t i o n s t h a t do have a s i m i l a r i t y t o those i n v o l v e d i n hydrogen-bonding. between these i o n s o l v e n t i n t e r a c t i o n s i s t h a t t h e p o l a r i z a t i o n o f i n d i v i d u a l s o l v e n t molecules i s l e s s extreme than i t i s i n t h e formation o f 1 : l molecular complexes i n t h e gas phase. d i f f e r e n c e i n t h e p / r a t i o f o r formation o f L i t compared t o corresponding CF3C02H hydrogen-bonded complexei.PFIf p~/ p r a t i o s i n t h e s o l u t i o n e l e c t r o s t a t i c i n t e r a c t i o n s are r a t h e r s i m i l a r , then our gas plase -AG values f o r a l k a l i metals and corresponding AtrG(w+.s) values may C o r r e l a t e f a i r l y w e l l f o r a c e r t a i n c l a s s o f solvents. have been c a r r i e d o u t u s i n g t h e data o f r e f . 20 (and our unpublished -AGK+ values) and found t o be b e s t obeyed by weakly s e l f -a s s o c i a t e d solvents. a b l e data and t h e r e l a t i v e l y l a r g e experimental e r r o r s f o r t h e t r a n s f e r energies, t h e corr e l a t i o n s are reasonably s a t i s f a c t o r y , e s p e c i a l l y i f accompanied by a term i n v o l v i n g t h e s o l v e n t dipolarity/polarizability (as represented, f o r example, by t h e T* parameters used An important d i f f e r e n c e It i s i n t h e l a t t e r and n o t t h e former case t h a t , f o r example, Table 3 shows a major C o r r e l a t i o n s Considering t h e l i m i t e d a v a i l -i n r e f . 20). e s s e n t i a l l y e q u i v a l e n t i n q u a l i t y whether one uses IT* and 62 o r IT* and gas phase -AGLi+ o r K t . compared t o Kt i s t h e same as r e p o r t e d i n r e f . 20.
A f i n a l p o i n t t o be made can be i l l u s t r a t e d u s i n g proton t r a n s f e r b a s i c i t i e s i n s o l u t i o n . These a r e composite e q u i l i b r i a i n v o l v i n g n o t o n l y t h e u n d e r l y i n g p r o t o n t r a n s f e r between l a r g e l y c o v a l e n t l y bonded acids and bases, b u t f r e q u e n t l y t h e r e a r e numerous competing e q u i l i b r i a i n v o l v i n g e l e c t r o s t a t i c s o l v e n t i n t e r a c t i o n s w i t h each o f t h e acid/base p a i r s o f the proton t r a n s f e r e q u i l i b r i a . AGH+(g) vs. e i t h e r corresponding 6 A G p (aqueous) o r GAG~+(tde$o) a r e h i g h l y s c a t t e r e d ( r e f . 21). However, w i t h i n appropriate f a m i l i e s o f bases e x c e l l e n t l i n e a r c o r r e l a t i o n s a r e found. The f a m i l y LFER's and t h e i r l i m i t a t i o n s t h a t we have noted i n t h e gas phase between Ht and corresponding metal i o n adducts ( o f very d i f f e r e n t bonding types) o f f e r s encouragement i n o b t a i n i n g an improved understanding o f s o l u t i o n e q u i l i b r i a , both " p h y s i c a l " and
